We present new high-quality near-infrared photometry of 10 Galactic Globular Clusters spanning a wide metallicity range (−2. 
INTRODUCTION
The study of stellar evolutionary sequences finds several applications in astrophysics: inferring the age and metallicity of stellar systems, synthesizing integrated spectra of galaxies, calibrating standard candles for distance determinations. There is a small number of physical observables that models can predict and that can be compared with observed quantities. Within this framework, Colour-Magnitude Diagram (CMD) and Luminosity Function (LF) are the most powerful tools to test theoretical models, being related to the stellar effective temperature, luminosity and the duration of a specific evolutionary phase (Renzini & Fusi Pecci 1988) . In this contest, our group started a long-term project devoted to analizing and testing each individual evolutionary sequence in the CMD of Galactic Globular Clusters (GGCs) (see e.g. Ferraro et al. 1999, 2000, hereafter F99 and F00, respectively) . In particular, CMDs and LFs in the near-Infrared (IR) are useful in order to perform a detailed study of the Red Giant Branch (RGB). In fact, in study-⋆ Based on data taken at the ESO-MPI 2.2m Telescope equipped with the near-IR camera IRAC2-ESO, La Silla (Chile), within the observing program 59.E-0340. ing cool stellar populations (i.e. RGB stars), the near-IR spectral domain offers severals advantages, being the most sensitive to low temperature. Moreover, the background contamination by Main Sequence (MS) stars is much less severe, thus allowing to properly characterize the RGB even in the innermost core region of stellar clusters affected by crowding. In addiction, with respect to the visual range, in the IR range the reddening is much lower and in some cases, when the extinction is very large, as in the Bulge, it represents the only possibility to observe the stellar population along the entire RGB. This is well know since two decades, and several authors have used IR photometry to derive the main RGB properties (see e.g F00 and references therein). By combining near-IR and optical photometry one can also calibrate a few major indices with a wide spectral baseline, like for example the (V-K) colour, which turn out to be very sensitive to the stellar temperature. In this framework, F00, Valenti et al. (2004, -hereafter V04) and Sollima et al. (2004, -hereafter S04) presented near-IR CMDs of a total sample of 16 GGCs (10 in F00, 5 in V04 and 1 in S04) which have been used to calibrate several observables describing the RGB physical and chemical properties, and to detect the major RGB evolutionary features (i.e the Bump and the Tip). In this paper we present an addictional sample of 10 clusters belonging to different Galactic populations: five clusters (namely NGC 288, NGC 362, NGC 6752, M 15 and M 30) belong to the Halo and five (namely NGC 6342, NGC 6380, NGC 6441, NGC 6440 and NGC 6624) belong to the Bulge. By combining the data set presented here and the data by F00, V04 and S04 we have now available a homogeneous near-IR database of 24 GGCs distributed over a wide metallicity range, −2.12 [Fe/H] − 0.49. In this first paper we presented the new data set and the calibration of the various RGB photometric parameters (colours at fixed magnitudes, magnitudes at fixed colours, slope) as a function of the cluster metallicity. This work represent an update of the calibrations presented by F00, based on a significative larger sample (especially in the high metallicity domain). Moreover, since H-band observations were also availables we derive new calibrations of the RGB photometric indices in this band as well, in order to have a more complete set of metallicity tracers in the near-IR bands.
A forthcoming paper (Valenti, Ferraro & Origlia 2004 , in preparation) will be devoted to discuss the major evolutionary features (bump and tip) and their calibration as a function of the metallicity. A third paper (Ferraro et al. 2004, in preparation) will deal with the transformation to the theoretical plane and the definition of useful relation to empirically calibrate the mixing-length parameter of theoretical models.
The observations and data reduction are presented in §2, while §3 describes the properties of the observed CMDs. §4 is devoted to derive the mean RGB features from the CMDs and the comparison with the previous works. Finally, our conclusions are summarized in §5.
OBSERVATIONS AND DATA REDUCTION
A set of J, H and K images were secured at ESO, La Silla in August 1997, using the ESO-MPI 2.2m telescope equipped with the near-IR camera IRAC-2 (Moorwood et al. 1992) based on a NICMOS-3 256×256 array detector. The central 4
′ ×4 ′ region of ten GGCs, namely NGC 288, NGC 362, NGC 6752, M 15, M 30, NGC 6342, NGC 6380, NGC 6440, NGC 6441 and NGC 6624, were mapped by using two different magnification: 0.28"/px for the most crowed central field and 0.51"/px for the four fields centred at ∼1 Ortolani et al. (1994) north-east, north-west, south-east and south-west of the cluster centre. An additional cluster, 47 Tuc, was also observed, but only in the H band. Table 1 lists the observed clusters and their metallicity in the Carretta & Gratton (1997-hereafter CG97) scale. During the four observing nights the average seeing was 1"-1.2". Each J, H and K image was the resulting average of 60 exposures of 1-s detector integration time (DIT) and was sky-subtract and flat-field-corrected. The sky field was located several arcmin away from the cluster centre. More details on the pre-reduction procedure can be found in Ferraro et al. (1994) and Montegriffo et al. (1995) . The Point Spread Function (PSF) fitting procedure was performed independently on each J, H and K image by using the ALLSTAR routine (Stetson & Harris 1988 ) of the reduction package DAOPHOTII (Stetson 1994) . A catalog listing the instrumental J, H and K magnitudes for all the stars identified in each field has been obtained by cross-correlating the single band catalogs. All stars measured in at least two bands have been included in the final catalog. Since the observations were performed under not perfect photometric conditions, we transformed the instrumental magnitudes into the Two Micron All Sky Survey (2MASS) photometric system 1 . The large number of stars (typically a few hundreds) in the overlapping area between our observation and 2MASS survey were used to derive the calibration to the 2MASS photometric system; only zero-order polynomial relations, without colour terms, have been used.
′
Since M 15 and M 30 were observed also by F00, their photometric catalogs were combined with ours in order to reduce the photometric uncertainties. First, the catalog of M 15 and M 30 by F00 were transformed in the 2MASS photometric system by using the empirical transformations 1 In doing this we used the Second Incremental Release Point Source Catalog of 2MASS found by V04, then for each cluster we derived a unique catalog by averaging the multiple measurements.
An overall uncertainty of ±0.05 mag in the zero point calibration in all the three bands, has been estimated. Fig. 1  and 2 show the H, J-H and K, V-K CMDs, respectively, for the observed clusters in the 2MASS system. 
COLOUR MAGNITUDE DIAGRAMS
More than 16, 000 and 9, 000 stars are plotted in the (H,J-H) and (K,V-K) CMDs shown in Figs. 1 and 2 , respectively. The references for the optical data used in this work are listed in Table 1 . The main characteristic of the CMDs are schematically summarized as follows: i) The RGB is quite well populated in all the program clusters, even in the brightest magnitude bin, and allows us a clean definition of the mean ridge line, up to the end of the RGB.
ii) The observations are deep enough to detect the base of the RGB at ∆K∼∆H∼7 − 8 mag fainter than the RGB tip, and ∼3-4 mag below the Horizontal Branch (HB). iii) In the combined CMDs the HB stars are clearly separable from the RGB stars. For the Halo cluster sample, the HB has an almost vertical structure in all the CMDs, as expected for a metal-poor population. The Bulge clusters exhibit a red clumpy HB, which is typical of metal-rich populations. In the case of NGC 6441, from the combined CMD it is possible to clearly see the anomalous HB which exhibits both the typical features of metal-poor and metal-rich populations, a red clump and a populated blue branch (see also Rich et al. 1997 ).
Comparison with previous photometries
Some of the program clusters, mainly those belonging to the Halo, have been the subject of several photometric and spectroscopic observations in the optical bands. For example, NGC 288 and NGC 362, represent an HB Second Parameter pair (see Bellazzini et al. 2001a , and references therein), and NGC 6441 has been observed by several authors for its peculiar HB morphology (see Rich et al. 1997 , and references therein). However, only a few papers presented IR photometry for the clusters in our sample. Frogel et al. (1983b) reported J, H and K photometry of giants in NGC 288, NGC 362 and NGC 6752. A direct star-to-star comparison was not possible because the authors did not published the coordinates of the observed stars; nevertheless their photometries nicely overlap our IR-CMDs with a minor offset of ≈(0.03 − 0.05) mag. The comparison of our K, J-K CMD of NGC 288 with the mean ridge line published by Davidge & Harris (1997) shows a good agreement. For M 15 and M 30 a comparison with previous photometries can be found in F00. Conversely, for NGC 6440 and NGC 6624 a star-to-star comparison between our data and the J, H and K photometry published by is possible. They Table 2 . Reddening estimates for the program Bulge clusters. mapped a field of 2.5 ′ ×2.5 ′ centred ∼1 ′ north-east from the centre in both clusters, using a 0.35"/px magnification. An offset of ≈0.15 mag was found in all the three bands. Also Minniti et al. (1995) presented IR-photometry of NGC 6440, but no online data are available, however their data agree with . Though the 2MASS photometric system is different from that used by the measured offset seems too large to be due only to the different photometric systems. IR photometric studies of NGC 6342 and NGC 6380 are not available in the literature.
THE MAIN RGB FEATURES
The main aim of this series of papers is to present updated calibrations of photometric RGB indices as a function of the metallicity, based on a complete database collected by our group over the last 10 years, and presented in F00, V04 and this paper. In this section the RGB ridge lines and a few major photometric indices, namely colours at fixed magnitudes and magnitudes at fixed colours accordingly to the definitions by F00, are derived from the CMDs shown in Fig. 1 and 2. In order to properly combine this data set with those by F00 and V04, we first need to make homogeneous the photometric systems. In particular, we converted the photometry presented in F00 and V04 in the 2MASS system by using the relation found by V04. In the case of ω Cen, the RGB ridge line was converted in the 2MASS photometric system by using the offset found by S04 (∆J=0.0 and ∆K=-0.04). After this transformation, a homogeneous data set of 24 clusters is available. The RGB ridge lines and the photometric indices of the entire sample have been newly determined. Of corse all the known RGB variables lying in the region sampled by our observations (see the case of 47 Tuc and NGC 6553 in Figs. 1 and 2 of F00) have been identified and removed from the RGB sample before measuring any parameter.
The RGB fiducial ridge lines
Since the procedure to obtain the RGB fiducial ridge lines for the observed clusters has been fully described in F00 and V04, it will not be repeated here. The ridge lines for the 10 clusters presented here are overplotted to the (H,J-H) and (K,V-K) CMDs shown in Fig. 1 and 2, respectively. 
Reddening and distance modulus
In order to transform the mean ridge lines into the absolute plane it is necessary to adopt a distance scale and a reddening correction. The definition of the most suitable distance scale for GGCs is still very controversial (see F99 and references therein). In the present study, the distance scale established by F99 was adopted. Nevertheless, in the F99 clusters list (see their Table 2 ) only the Halo clusters sample are considered. For the Bulge clusters we derived an independent distance modulus from the IR photometry presented here. In doing this, we compared the IR and combined CMDs of the Bulge clusters with those of a reference cluster. This method allows, in principle, to derive simultaneously distance modulus and reddening estimates. In fact, the needed colour and magnitude shifts to overlap the CMDs of two clusters of comparable age and metallicity, are a function of the reddening and distance differ- ences, respectively. Since several works on dating the Bulge GCs have showed that Halo and Bulge GCs have comparable age (see i.e Momany et al. 2003; Heasley et al. 2000; Feltzing & Johnson 2002; Ortolani et al. 2001) , and since our Bulge cluster sample has a metallicity comparable to that of 47 Tuc (within 0.2 dex, see Table1), we decided to adopt 47 Tuc as a reference cluster. Moreover, the reddening, the metallicity and the distance of 47 Tuc are reasonably known, being one of the most studied GGC since many decades. As can be seen from Table 2 , also the reddening determination of the Bulge clusters is quite uncertain (compare the values listed by Harris (1996) with the most recent determination by Schlegel et al. (1998) ). Of course a different assumption on the reddening significantly affects the position of the RGB in the absolute plane and the determination of the true distance modulus. For this reason we used the differential analysis described above, in order to derive an independent reddening estimate and to decide the most appropriate reddening for each Bulge cluster in our sample. Of course, the position of the RGB in the CMD is a sensitive function of the metallicity, for this reason the differential method should be applied to clusters with similar metallicity. From the relations found by F00 we estimate that a difference of ≈0.2 dex in metallicity would produce a difference of ≈0.04 in the (J-K) colour and ≈ 0.1 in (V-K). As can be seen from Table 1 , three Bulge clusters in our sample (namely, NGC 6342, NGC 6624 and NGC 6441) have a metallicity (in the CG97 scale) comparable to 47 Tuc (within 0.1 dex). NGC 6380 has a nominal metallicity 0.2 dex lower than 47 Tuc, but the well defined HB clump and the RGB shape suggest a higher metallicity, for this cluster. Previous papers (e.g. Ortolani et al. 1998 ) already suggested for NGC 6380 a metallicity between 47 Tuc and NGC 6553. Finally, NGC 6440 is ≈0.2 dex more metal-rich than the reference cluster. We applied the differential method to the Bulge clusters in our sample, and the shifts in colours in different planes (i.e. δ(J-H), δ(J-K), δ(V-J), δ(V-H),δ(V-K)) have been computed. Then, by adopting extinction coefficient for the V, J, H and K band listed by Savage & Mathis (1979) (AV /E(B − V ) = 3.1, AJ /E(B − V ) = 0.87, AH/E(B-− V ) = 0.54 and AK/E(B − V ) = 0.38)we derived the average value for the reddening. The result of this procedure is shown in Table 2 . As can be seen the value found by our procedure is similar to that found by Schlegel et al. (1998) for NGC 6440 and NGC 6342, while it is more similar to the Harris (1996) value for NGC 6624. For two clusters in our sample, namely NGC 6380 and NGC 6441, the reddening obtained by our procedure is significantly different (and intermediate) from both the literature values. For these two clusters we will adopt our reddening value. However, to be conservative, these two clusters are not considered in deriving the relations between the position in colour of the RGB and the clusters metallicity (in different planes). By assuming the reddening listed in column [6] of Table 2 we derived the distance modulus by comparison with 47 Tuc. The HB clump has been chosen as a reference sequence.
The adopted method can be summarized as follow: i) The LFs in the IR passbands have been constructed to identifying the HB peak, which it is been used as HB level. ii) By using the LFs we measured the differences between the 47 Tuc HB level and those of the Bulge clusters; the derived values have been adopted to shift the clusters CMD on the reference one. iii) Finally, the differences in magnitudes measured in the various bands have been corrected for reddening (by using the relations quoted above) and the true distance modulus has been obtained. It is worth noting that in applying this method, all the available photometric bands were used in order to get a more careful estimate. Table 3 lists the adopted distance modulus for all the program clusters. Fig. 3 shows the observed RGB fiducial ridge lines in the absolute MK , (J-K)0 and MK , (V-K)0 planes for the entire database of 24 GGCs (the 10 clusters presented here are plotted as solid lines). As expected, the mean ridge lines of our 5 intermediate-low metallicity clusters lie in the bluer region of the diagrams, while in the redder part we find those of high-metallicity clusters of the Bulge. A similar behavior can be seen in Fig. 4 , which shows the RGB ridge lines in the absolute MH , (J-H)0 and MH , (V-H)0 planes. In the MH , (V-H)0 plane, the two different groups are more clearly distinguished. The Halo cluster RGB lines are bluer and less curved than the RGB lines of the more metal-rich Bulge clusters.
The RGB location in Colour and in Magnitude
As already discussed in detail by F00, to properly characterize the overall behavior of the RGB as a function of the cluster metallicity, a set of photometric indices are needed (see §4). In fact, at fixed colours the corresponding magnitudes mark different RGB regions, depending on the clusters metallicity. Several parameters describing the RGB location in colour and in magnitude have been suggested by many authors (see F00 and references therein). Nevertheless, to get a complete description of the RGB photometric properties, in the present study we use the new parameters defined by F00, namely the (J-K)0 and (V-K)0 colours at different absolute magnitudes MK = −3, −4, −5, −5.5, and the K absolute magnitude at fixed (J-K)0 and (V-K)0 colours, respectively. The derived (J-K)0 and (V-K)0 RGB colours for the program clusters are listed in Table 4 and 5, respectively. In both tables, the measurements by F00 and V04, converted in the 2MASS photometric system, are also reported. The colours at fixed magnitudes for all the clusters in the database have been calibrated as a function of: i) the metallicity in the CG97 scale, and ii) the global metallicity ([M/H]) defined and computed in F99, which takes into account the contribution of the α-elements in the definition of the global metallicity of the cluster. The metallicity in the CG97 scale for the program clusters has been computed from the Zinn (1985) scale by using equation [7] of CG97, following the prescriptions by F99. The typical uncertainty on the derived metallicities can be conservatively assumed to be 0.2 dex; however, for clusters having direct CG97 measurements the error is significantly lower, <0.1 dex, (see Table [ 8] of CG97). The calibration relations of the RGB photometric indices as function of the cluster metallicity in both the adopted scales are listed in the Appendix.
The case of NGC 6553 and NGC 6528 (the two clusters which represent the metal-rich extreme of our entire database) deserves a few additional comments. The metallicity of these two clusters has been, in fact, largely debated in the literature. By simply considering the most recent determinations based on high resolution spectroscopy, values ranging from -0.3 up to about solar (Carretta et al. 2001; Origlia et al. 2002; Melendez et al. 2003 ) have been proposed. To be homogeneous with other clusters, for NGC 6553 and NGC 6528 in the following calibrations we will adopt the CG97 values listed in Table5.
Figs. 5 and 6 show the (J-K)0 and (V-K)0 colours as a function of both the CG97 and global metallicity scales, for the entire sample of 24 clusters. By using the full data set, updated calibrations have been derived and reported in each panel and in the Appendix. As can be seen from Fig. 5 the RGB (J-K)0 colours linearly scale with the metallicity. As expected from previous studies (see Cohen & Sleeper 1995 , and F00) the fit slope increases progressively toward the RGB tip. The derived slope values are consistent with those found by F00. Conversely, in the (V-K)0 plane, the best-fitting solution deviates from a linear dependence at higher metallicity (see Fig. 6 , panels a, b, e, f) even if the Carretta et al. (2001) metallicity estimates for the most metal-rich clusters are adopted. As can be seen the RGB, particularly near the tip, rapidly becomes redder and redder as the metallicity increases as shown by Cohen & Sleeper (1995) and successively confirmed by F00. For NGC 6624, Cohen & Sleeper (1995) derived the (J-K)0 and (V-K)0 colours at fixed absolute magnitude MK =-4, -5. Their estimates in the K, (J-K) plane (see their Table  10 ) are systematically redder, by ∼0.15 with respect to our determinations. This is due to different reddening and distance assumptions: when we apply their reddening and distance modulus values to our photometry, the difference in the derived (J-K)0 colours is reduced to only ∼0.03 mag. In the K, (V-K) plane, a ∼0.1 mag difference remains even when the same reddening and distance modulus are adopted. Conversely, a nice agreement in the derived (V-K)
colour was found with the value published by . Table 6 and 7, while Figs. 7 and 8 show the behavior of the (J-H)0 and (V-H)0 colours, respectively, as a function of the cluster metallicity in both the adopted metallicity scales. The best fits to the data are shown in each panel and listed in the Appendix. As expected, the colours become redder with increasing clusters metallicity in a linear way and independently from Following and F00 we also measured the K absolute magnitude at fixed (V-K)0 = 3 and (J-K)0 = 0.7 colours. In Fig. 9 we show the dependence of these parameters on metallicity in both the adopted scales, for the entire sample. The best-fitting relations are also reported in each panel. Table 4 and 5 list the derived MK magnitudes at constant (J-K)0 and (V-K)0 colours, respectively. While the error associated to the determination of the colours at fixed absolute magnitudes are mainly driven by the uncertainty on the distance modulus, the accuracy on the derived absolute magnitude at fixed colours depends on both distance and reddening uncertainties with almost the same weight. In fact, given the intrinsic steepness of the RGB, especially in the metal-poor range, an error of a few hundredths of magnitude in the reddening correction easily implies 0.15-0.20 mag uncertainty in the derived MK absolute magnitudes, depending on the height along the RGB (see Fig. 3 ). By using the same strategy we also derive the MH absolute magnitude at fixed (J-H)0 = 0.7 and (V-H)0 = 3 colours, listed in Tables 6 and 7 and plotted in Fig. 10 as a function of the metallicity in both the adopted scales. The best-fitting relations with the corresponding standard deviation are reported in each panel and listed in the Appendix.
The RGB slope
An useful parameter to provide a photometric estimate of the cluster metallicity is the so-called RGB slope. This parameter turns to be extremely powerful since it is independent from reddening and distance. Nevertheless, a careful estimate of the RGB slope is a complicated task, even in the K, (J-K) plane, where the RGB is steeper than in any other plane. As shown by ; , a reasonable description of the overall RGB morphology can be obtained by linearly fitting the RGB in the range between 0.6 and 5.1 magnitudes brighter than the Zero Age Horizontal Branch (ZAHB). However, in the case of low-intermediate metallicity clusters the accurate measurement of the location of the ZAHB in the IR CMD is an almost impossible task, because the HB is not horizontal at all. In order to apply an homogeneous procedure to the entire cluster sample, we fit the RGB in a magnitude range between 0.5 and 5 magnitudes fainter than the brightest star of each cluster after a previous decontamination by the Asymptotic Giant Branch (AGB) and field stars. In particular, in the case of the Bulge clusters, the level of field contamination was estimated from the comparison with a field-CMD obtained from the 2MASS catalog for an equivalent area (4 ′ ×4 ′ ) located at 10 ′ from the clusters center. On the basis of this comparison, a typical bulge contamination of 20% was found in the RGB region. Then the estimated number of field stars has been randomly removed from the cluster RGB sample, before determining the RGB slope. The derived RGB slope values for the entire sample are listed in Table 4 . Fig. 11 shows the linear correlation of the RGB slope with the metallicity (in both the adopted scales); the inferred relations, with the corresponding standard deviations, are also reported in each panel. As expected the RGB slope becomes progressively steeper with decreasing metallicity, confirming the results found by ; and F00. The considerable disagreement between our results and the inferred relations found by Ivanov & Borissova (2003) (dashed lines in Fig. 11) in particular in the high metallicity range, are mainly due to two different reasons: i) their sample of 22 GCs includes only 3 clusters more metal-rich than [F e/H]CG97 = −1 and none more metallic than 47 Tuc, while our best-fitting relations are based on a global sample of 24 clusters, among them 7 more metal-rich than 47 Tuc, ii) the discrepancy in the estimate of the 47 Tuc RGB slope (−0.110±0.002, F00 and −0.125±0. 002 Ivanov & Borissova (2003) ). Indeed, Ivanov & Borissova (2003) computed a weighed average relation which turned to be significantly influenced by the value of 47 Tuc, being the cluster with the most accurate determination.
SUMMARY AND CONCLUSIONS
A new set of high-quality IR CMDs for a sample of 10 GGCs spanning a wide metallicity range have been presented. This database has been combined with the data set collected by our group over the last 10 years (see F00, V04 and S04) and it has been used to measure a few major observables describing the main photometric properties of the RGB, namely: i) the location in colour and in magnitude, and ii) its slope. The behaviour of these quantities as a function of the clusters metallicity has been studied in both [F e/H]CG97 and [M/H] metallicity scales. Since our database also include observations in the H-band, it has been used to derive for the first time the calibrations in the H, J-H and H, V-H planes, as well. All the relations are reported in the corresponding panels of Figs. 5-11 and in the Appendix, for more clarity.
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